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(54) Soft compounds derived from polypropylene grafted disubstituted ethylene-malelmlde 
copolymers 

(57) The instant invention teaches a method for 
enat)ling the formation of a high damping, soft polymer 
gel. The method includes: reacting a poly(disLit^uted 
ethylene-co-maleimide) polymer with a maleated poly- 
afkylene and an alkyi diamine under sut}stantially dry 
conditions sufficient to form a polyalkytene grafted 
poly(disul)stituted ethylene-co-maleimide) polymer 
product; and, dispersing the polyalkylene grafted 
poly(disut>stituted ethylene-co-maleimide) polymer 
product with an extender oil sufficient to form the gel. 
The instant invention also contemplates a polymer gel 
composition, a polymer composition and an article man- 
ufactured from the polymer gel composition. 
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E)escription 

BACKGROUND OF THE INVENTION 

5 [0001 ] The polymerization of isobutylene and maleic anhydride by free racfical inrtiation is well known in the prior art. 
Similarly, poly(isobuty1ene-att-maleic anhydride) polymer is well known. Further, imidization between a maleic anhy- 
dride and a primary amine group is a commonly known chemical reaction. Patent publications which have recognized 
these reactions include: German Patent DE 4241538. assigned to Leuna-Werke A.-G; Japanese Patent JP 94248017, 
assigned to Monsanto Kasel Kk; and, Italian Patent EP 322905 A2, assigned to Montedipe S.p.A. Various other non- 

70 patent publications have also recognized these reactions. Included among them are: LE. Cdleman, Jr., J.R BorK and 
H. Donn. Jr., J. Org. Chem24. 185(1959); A. Malsumoto, Y. Oki, and T Otsu, Polymer J., 2^(3), 201(1991); L Haeus- 
sler, U. Wienhold, V Albricht, and S. Zschoche, Themochim. Acta. 27L 14(1966); W. Kim. and K. Seo, Maaomol. Rapid 
Commun.. 17, 835(1996); W. Lee, and G. Hwong, J. AppL Polym Sd 59, 599(1996); and. I. Vermeesch and G. Groen- 
inckx, J. Appl. Polym Sd ^ 1356(1994). 

15 [0002] The synthesis of monofunctional N-alkyI and Nnaryl maleimides are also well known in the prior art. They have 
been extensively used to improve the heat stability of homo- and espedally copolymers prepared from vinyl monomers. 
Typically, the bulk resins comprise ABS (poly(acrylonitrileKX>butadiene-co-styrene)) or a polyblend of poly(acrylonitrile- 
co-txitadiene) and poly(styrene-co-acrylonitrile); PVC (poly(vinyl chloride)); SAN (poly(styrene-co-acrylonitrile)); 
PMMA (poly-(methyl methacrylate)); and the like. The maleimides can be copdymerized with other monomers such as 

20 acrybnitrile, butadiene, styrene, methyl methacrylate. vinyl chloride, vinyl acetate and many other comonomers. A 
more preferred practice in the industry is to produce copolymers of maleimides with other monomers such as styrene 
and optionally acrylonitrile and to tslend these with ABS and SAN resins. In any event, the polymer compositions are 
adjusted so that the copolymers are fully corrpatible with the bulk resins (e.g.. ABS and/or SAN) as shown by the pres- 
ence of a single glass transition point (Tg) as determined by differential scanning calorimetry (DSC). 

25 [0003] It has long been recognized that two or more polymers may be blended together to form a wide variety of ran- 
dom or structured nx)rphologies to obtain products that potentially offer desirable combinations of characteristics. How- 
ever, it may be difficult or even impossitrie in practice to achieve many potential combinations through simple blending 
because of some infierent and fundamental problem. Frequentiy, tiie two polymers are thermodynamically immisdble, 
whk;h precludes generating a truly honx>geneous product. This immiscibility may not be a problem per se since often it 

30 is desirable to have a two-phase structure. Kbwever. the situation at tiie interface between these two phases very often 
does lead to problems. The typical case is one of high interfadal tension and poor adhesion between the two phases. 
This inter^dal tension contributes, along with high viscosities, to tiie inherent difficulty of imparting the desired degree 
of dispersion to random mixtures and to their subsequent lack of stability, giving rise to gross separation or stratification 
during later processing or use. Poor adhesion leads, in part, to the very weak and brittle mechanical behavbr often 

35 obsen^ed in dispersed blends and may render some highly structured morphiok)gies impossible. 

[0004] It is particulariy desirat>le to prepare a grafted copolymer having the irrpact strength of polypropylene and tiie 
damping properties of a centipede copolymer. It is also desirable to add an extender or plasticizer to the resultant 
grafted copolymer in order to obtain a copolymer having a low Shore A hardness. 

40 OBJECTS OF THE INVENTION 

[0005] Accordingly, it is an object of this invention to provide an oil or low molecular weight component extended 
grafted ''centipede" polymer of a maleated polypropylene and a poly(Ri (R2)ethylene-co-maleimide) that is useful in 
produdng high damping, soft materials. 
45 [0006] More specifically, it is an object of this invention to provide a grafted centipede polymer formed by reacting 
maleated polypropylene and a poly(Ri(R2)etiiylene-co-maieimide) with a diamine. 

[0007] Another object of the invention is to provide oil or low molecular weight component extended grafted centipede 
polymers that exhibit improved properties, including low Shore A hardness less tiian 30, high damping properties and 
a service temperature of about lOO'^C. 

50 

SUMMARY OF THE INVENTION 

[0008] The present invention is directed to an oil or low molecular weight corrponent extended poly(Ri (R2)ethylene- 
co-maleimide)iX>lypropylene polymer soft gel composition having damping properties useful in produdng molded 
55 products having heat resistance and a high elasticity and damping property. 

[0009] The present invention is broadly directed to grafted polymer compositions of a maleated polypropylene and a 
poly(Ri (R2)ethylene-co-maleimide) reacted with a diamine. It is furttier directed to a process for preparing an oil 
extended grafted polymer conpositions broadly comprising a maleated polypropylene grafted to a functionalized tiier- 
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moplastic elastomer, namely a poly(Ri (Fyethylene-co-maleimide), under conditior^ sufficient to pennit grafting of tfie 
functionaltzed polypropylene with tfie functionalized thermoplastic elastomer. 

DETAILED DESCRIPTION OF THE INVENTION 

5 

[0010] The graft centipede polymers of the present invention are formed by grafting a maleated polypropylene to a 
poly(Ri(R2)ethylene-co-ma]eimide) wherein R^ and R2 are the same or different sut>stituents on ttie same a-cartx)n 
atom of the ethylene group selected from the groi^) consisting of unsut>stituted and sutsstituted to C20 alkyl groups, 
the substituted groups t>eing non-reactive with the remaining components of the centipede polymers such as alkoxy- 

10 alkyl groups having C2 to C20 atoms. The extended grafted polymer gels of the present invention contain: 100 parts by 
weight of a grafted polymer of a poly(Ri (R2)ethylene-co-maleimide), the grafted polymer having at least one maleated 
polypropylene segments grafted tiiereto through the at least one functional linkage formed by a aosslinking reaction 
witii a diamine grafting agent; and at least 10 to 10,000, preferak>ly 30 to 1000. parts by weighrt of an extender such as 
an oil or a low niolecular weight component The grafted polymers of the present invention are glassy materials tfiat are 

15 oil-extended to form thermoreversit>le gels useful for danrping applications. 

[0011] The poly(Ri (RJethylene-co-maleimide) such as poly(isobutylene-co-maleimide) is a "centipede" polymer 
formed by imicfizing a poly(Ri (R2)ethyIene-co-maleic anhydride) with a primary amine wherein R-i and R2 are defined 
above. The "centipede" polyriier has a high nfK>lecular weight spine connected with many relatively short side chains. 
The lengtti of tiie main chain usually equals or is tonger than the entanglement length, which is herein defined tiieoret- 

20 ically as ah order of magnitude of 100 repeating units, while the lengtii of the side chains is much smaller than the 
entanglement length. : - 

[0012] The Ri (R2)etiiylene contritxjted monomer units of the poly(Ri (R2)ethylene-co-malelmide) "centipede" poly- 
mer contain 4 to about 40 cartx>n atoms wherein R^ and R2 are the same or different substituents on the same a-cartx)n 
atom of the ethylene group selected from the group consisting of unsubstituted and substituted Ci to C20 alkyl groups. 

25 the sibstituted groups, such as alkoxyalkyi groups having C2 to C20 atoms, being non-reactive with the remaining com- 
ponents of the centipede polymers. Exanrples of unsufc>stituted and substituted alkyl groips R^ and R2 in the R^ 
(R2)etiTylenes are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl. isopentyl. hexyl, heptyl, octyl, nonyl. decyl, 
undecyl. dodecyl, tridecyl. tetradecyl. penladecyl, hexadecyl. heptadecyl. octadecyl, nonadecyl, eicosyl. cydopropyl, 
2,2<timethylcyclopropyl. cydopentyl, cydohexyl, metiioxymethyl, methoxyethyl. methoxypropyl, methoxybutyl, methox- 

30 ypentyl, methoxyhexyl, methoocyheptyl, methoxyoctyl. methoxynonyl, methoxydecyl, ethoxymethyl, ethoxyethyl. ethoxy- 
propyl, etiioxytxjtyl. ethoxypentyl. ethoxyhexyl. ethoxyheptyl, ethoxyoctyl, ethoxynonyl, ethoxydecyl. propoxymelhyl, 
propoxyetfiyl, propoxypropyl. propoxytxjtyl. propoxypentyl. propoxyhexyl, propoxyheptyl. propoxyoctyl, propoxynonyl, 
propoxydecyl, butoxytxitoxymettiyl. butoxyethyl. IxJtoxypropyl. butoxybutyl. butoxypentyl, butoxyhexyl. butoxyheptyl. 
butcocyoctyl. butoxynonyl. butoxydecyl, pentyloxymethyl, pentyloxyethyl. pentyloxypropyl, pentylcxytxityl. penty- 

35 loxypentyl, pentyloxyhexyl, pentyloxyoctyl, pentyloxy nonyl. pentyloxydecyl, hexyloxymethyl, hexyloxyethyl. hexyloxy- 
propyl. hexyloxyfcxjtyl. hexybxypentyl. hexyloxyhexyl. h&cyloxyheptyl. hexyloxyoctyl. hexylcxynonyl. hexyloxydecyl, 
heptyloxymethyl, heptyloxyethyl, heptyloxypropyl. heptyk>xybutyl, hexyloxypentyl. heptyloxyhexyl, heptyloxyheptyl. hep- 
tyloxyoctyl. heptyloxynonyl. heptyloxydecyl. octyloxymethyl, oclyloxyethyl. octyloxypropyl, octyloxybutyl, octyloxypentyl, 
octytoxyhexyl. octyloxyheptyl, octyloxynonyl. octyloxyoctyl, decyloxymethyl. decyloxyetfiyl, decyloxypropyl, decyloxy- 

40 butyl, decyloxypentyl. decyloxyhexyl. decyloxyheptyl, 1-methylethyl. l-mettTylpropyl. 1-methylbutyl, 1-metfiylpentyl. 1- 
methylhexyl. 1-methylheptyl, 1 -methyloctyl, 1-methylnonyl, l-methyWecyl, 2-methylpropyl. 2-methyIlxityl. 2-melhyl- 
pentyl. 2-methylhexyl, 2-methyIheptyl. 2-mettiyloctyl. 2.3-dimethylbutyl, 2,3,3-trinf^yibutyl. 3-mettTyIpentyl. 2,3- 
dimethylpentyl, 2.4-dimethylpentyl, 2,3.3.4-tetramethytpentyl, 3-metfTylhexyl. 2,5-dimethylhexyl and the like. 
[0013] The poly(Ri (R2)ethylene-co-maleimide) described herein are subsequently graft-reacted through a difunc- 

45 tional linking or grafting agent to a maleated polypropylene to yield a maleated polymer having at least one polypropyl- 
ene segment grafted thereto tiirough the at least one functional linkages thus formed. 

[0014] The maleated polypropylene may be any of the conventionally known polypropylene compounds that are sut>- 
sequently maleated by methods known in the art The polypropylene grafted segment or segments have nxjlecular 
weights "M^" of akXHit 10.000 up to about 10,000.000. or higher, preferatMy atxxit 20.000 to about 300.000. 

50 [001 5] The crystallinity, or tactidty, of the polypropylene may vary from being sut}Stantia!ly anrx)rphous to being com- 
pletely crystalline, that ^ from about 10-100% crystallinity. Most typically, because of the extensive commerdal use of 
isotactic polypropylene, the grafted polypropylene will be substantially crystalline. e.g., greater than about 90%. Gener- 
ally, the polypropylene is substantially free of ethylene. However, under certain circumstances small amounts of ethyl- 
ene, on the order of less than about 5% by weight, may l>e incorporated. Furthenmore. in certain instances the 

55 polypropylene contain small anrK>unts of etiiylene in copolymers known as "reactor copolymers". Thus, it is within the 
scope of the invention that tiie grafted polypropylene contain minor amounts of etfiylene, botii as part of ethylene-pro- 
pylene segments and as polyethylene segments. 

[0016] Polymerization conditions for the preparation of polypropylene are well known in the art. Propylene can be 
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potymerized into isotactic polypropylene In the presence of stereo-spedf Ic Ziegler-Natta catalyst systenns comprising 
compounds of the transition metals of Groups 4 to 6 and 8 of the Periodic Table of elements, preferably titanium com- 
pounds, most preferably titanium haPides, and organometallic compounds of elements of groups 1 to 3 of the Periodic 
Table, especially aluminum aikyts or alurranum alkyi halides. Illustrative examples include titanium trichloride, titanium 
5 tetrachloride as catalysts and triethylaiuminum and cfiethyl aluminum chloride as cocatalysts. These transition metal 
catalyst systems can be non-supported or supported, for example, silica gel. or metal oxides and dihalides. such as 
MgO. MgCl2* ^^2* ^^ch systems can be reacted together and can be complexed with a variety of Lewis-base 
electron donors. 

[0017] Molecular weight control is typically achieved by the incorporation of hydrogen via a feed sta'eam into tiie 
10 polymerization reactor. The hydrogen is added at about 0 to 30 mole % based on the total monomer. The polymeriza- 
tion reaction is preferably conducted according to the sluny method employing an inert hydrocartx)n diluent or liquid 
propylene as the vehicle. The polymerization temperature can be in the range of about 50°C to atxxjt 1 0O^'C and \s pref- 
eratsly at a range or about 60*^0 to atx)ut SOO^'C. Polymerization pressure can also vary over a wide range and is not 
particularly limited. The polymerization pressure can for ecample be in the range from between atnx>spheric pressure 
15 to 37.000 KPa. Such procedures and components are only illustrative of the knowledge in the art with respect to poly- 
propylene polymerization, any are conterrplated as useful within the scope of the invention. For general review of liter- 
ature and patents in the art see "Olefin Polymers (Polypropylene)" in ttie Kirk-Othmer Encyclopedia of Chemical 
Technology. 3rd Edrtion v. 16. 453-469 (J. Wiley & Sons, 1981). 

[001 8] The maleinization of the polypropylene compound to maleated polypropylene is conveniently accomplished by 
20 heating a blend of polypropylene and etfiylentcally unsaturated cartx)xyl group-containing compounds, e.g.. maleic 
anhydride, within a range of about 1 50° to 400*^0. often in the presence of free-radical initiators such as organic perox- 
ides that are well-known in the art Free-radical grafting of the cartx)xyl group-containing compounds onto the polypro- 
pylene readily results. Methods of preparing these grafted polymers are well-known in the art as illustrated, inter alia, in 
U.S. Pat. Nos. 3,480.580. 3.481.910, 3,577.365, 3,862,265. 4.506,056, and 3.414.551 the cfisdosures of which are 
25 Incorporated herein by reference. Such processes are well-known in the art for example, an independent source of the 
description of the process is found in Y. Minoura. M. Ueda, S. Mizinuma and M. Oba, J. Applied Polymer Sd. 1625 
(1969). The use of heat and/or physical shearing optionally with the free-radical initiators, in such equipment as exbiid- 
ers, masticators, ond the like, to simultaneously accomplish controlled degradation in molecular weight of the polypro- 
pylene along with the free-radical grafting of the maleic anhydride, also is known in the art will be useful in accordance 
30 with this invention. 

[001 9] In particular, rt is preferable to conduct the maleinizatbn with such amounts of maleic anhydride and free-rad- 
ical initiators, and under conditions of temperature and shearing such that free-radical sites on the polypropylene are 
formed substantially at \he time of scission of the polypropylene chains and are formed at tiie point of such scission. 
The maleic anhydride is then grafted onto tiie scissioned end of one side of such broken chains. In this manner tiie 

35 anhydride groups are kx^ated principally at the ends of tiie maleated polypropylene chains, and the substantial majority 
of such maleated polypropylene chains contain one site of maleinization. This procedure permits grafting of the 
maleated polypropylene at its maleated end to the maleated block copolymer though the use of a difunctional linking or 
grafting agents having two functional ^oups each functbrmi group being reactive witii a n^leate group on the polypro- 
pylene and block copolymer. Multiple sites of maleinization can lead to grafting of the maleated polypropylene to more 

40 than one maleated block copolymer polymer chain or at more tiian one site of one or more maleated block copolymer. 
The same sut}stantial chemistry applies to the centipede polymers of the present invention. 

[0020] In accordance with the atxTve, the free-radical initiator is preferably used and will typically be utilized in an 
amount of from about 0.01 to 1 .0 wt. %, preferably from about 0.02 to 0.5 wt. %, and rnosX preferably from about 0.04 
to 0.3 wt. % of the total polypropylene, and solvent if used, and will be added first. The mixture is ttien heated to a tem- 

45 perature at or about the known decomposition temperature of the selected free-radical initiator, concunently with any 
optional mechanical shearing. The maleic anhydride is subsequentiy added in an armunt typically from about 0.01 to 
10.0 wt %, preferably from about 0.1 to 5 wt. %, and most preferably about 0.75 to 2 wt. % of tiie total polypropylene. 
[0021] The maleated polypropylene of tiiis invention contain from about 0.01 wt % incorporated maleic anhydride, 
t>ased upon the weigtit of the maleated polypropylene, up to atx)ut 5 wt. %. Preferably the maleic anhydride content will 

50 be from about 0.01 to about 2 wt. %, nrx>st preferably about 0.03 to about 0.2 wt %. As will be apparent unreacted poly- 
propylene will also be present in the reaction mix as will minor anrx)unts of re^on by-products, such as decomposed 
free-radical initiator compounds and low molecular weight free-radical products. These by-proc&jcts are substantially 
removed, by metiiocte known in the art eg., sparging with nitrogen or washing with water. Maleic anhydride may not be 
left in sufc}stantial amounts in the polymer without detrimental affects on the subsequent reaction of the poly(R^ (F^eth- 

55 yiene-co-maleimide) with the maleated polypropylene. 

[0022] The poly(Ri (R2)ethylene-co-maleimide) of tiie present invention is formed by reacting a poly(Ri (R2)etiiylene- 
co-(maleic anhydrkJe)] at from atwut 120 "C to atx)ut 250 **C and from about slightiy akx3ve vacuum to about 20 atnros- 
pheres. under sutjstantially dry conditions in tiie presence of a primary amine. The present invention Is preferably 
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directed to a polymer compositior^ of a polyCR^ (F^ethylene-d/f-maleinrude), such as pdyCisobutyfene-a^-maleimide), 
formed by reacting a poly(Ri (R2)ethy1ene-a/f-maleic anhydride), such as poly(isobutylene-a//-maIelc anhydride), with 
a primary amine. 

[0023] For the purposes of this Inverttion. the copolymer structures represented by poly(Ri (R2)ethylene-co-maleim- 

5 ide). such as poly(isobutylene-co-maleimide). are defined to encompass random and stereo-specrfic copolymers. 
Including copolymers having alternating \.e.{aff), (Ri (R2)ethylene), such as Isobutylene, contributed nrx)nomer units 
and maleimide or maleic anhydride contritxited monomer units along the polymer backbona Such alternating struc- 
tures are typically described as polyCR^ (R2)ethylene-a/f-maleimide) and poly(Ri (R2)ethylene-a/f-maleic anhydride); 
however, these polymers are encompassed herein within the formulation structures of poly(Ri (R2)6thylene-co-male- 

10 Imide) and poly(Ri (R2)ethylene-co-maleic anhydride). 

[0024] Processes for fonming poly(Ri (R2)ethylene-co-maleic anhydride) are well known to those skilled In the art. 
The preparation of the copolymers from electron donor monomers, such as Ri (R2)ethylene, and electron acceptor 
morwmers. such as maleic anhydride, as a result of complexation of the electron acceptor monomers may be carried 
out In the at)sence as well as In the presence of an aganic free radical initiator In bulk, or In an inert hydrocaitx)n or 

15 hak>genated hydrocart)on solvent such as benzene, toluene, hexane, cart)on tetrachloride, chloroform, etc. (NG. Gay- 
lord and H. Antropiusova, Journal of Polymer Science, Part B, 7, 145 (1969) and Macromolecules, 2, 442 (1969); A. 
Takahashi arxJ N. G. Gaylord. Journal of Macromolecular Science (Chemistry), A4, 127 (1970). 
[0025] The poly(Ri (R2)ethylene-co-maleic anhydride) for use In the present Invention Is a polymer containing from 
about 5 to 99 mole percent of maleic anhydride nmnomer contributed units with the remainder being R-i (R2)ethylene 

20 monomer contributed units. The preferred poly(R^ (R2)ethylene-co-maleic anhydride) contains from 20 to 50 mole per- 
cent of maleic anhydride monomer. The most preferred poly(R^ (R2)ethylene-co-maleic anhydride) for use In the 
present Invention contains 50 mole percent of maleic anhydride monomer contributed units and 50 nfK>le percent of R^ 
(R2)ethylene nx>nomer contributed units. The comonomers, maleic anhydride and Ri (R2)ethylene, can be randomly or 
aftematingly distnlxited In the chain, however, it is preferred to have these comonomers alternating atong the polymer 

25 backkxxie chain. 

[0026] The poly(Ri (R2)ethylene-co-maleic anhydride) has a molecular weight range between about 1 ,000 and up to 
about 500,000 or higher, more typically between about 10,000 and 500,000, and even more typically between about 
150,000 and 450,000, where the moleojlar weight Is weight-average C^l- 

[0027] The poly(Ri (R2)ethylene-co-maIelmide) of the present invention is fonned by reacting a poly(Ri (R2)ethylene- 
30 co-n^lelc anhydride) in the presence of a mono-primary amine at a temperature from akx>ut 1 0O^'C to atx)ut 300°C and 
at a pressure from about slightly above vacuum to atx>ut 20 atnxyspheres, under substantially dry conditions. The reac- 
tants are preferably dry mixed in the absence of solvents in a suitable mixing apparatus such as a Brat>ender mixer. It 
is preferable to purge the mixer with nitrogen prior to the charging of the reactanls. The primary amine may be added 
in a singular charge or in sequential partial charges into a reactor containing a charge of poly(Ri (R2)ethylene-co- 
35 maleic anhydride). Preferably the primary amine is charged in ratio between 0.8 to 1 .0 of moles of amine per nrK)nomer 
contributed units of maleic anhydride In the poly(Ri (R2)ethylene-co-maleic anhydride). 

[0028] Suitable primary amine include but are not limited to: alkyi amines; alkyi benzyl amines; alkyl phenyl amines; 
alkoxybenzyl amines; alkyl aminobeazoates; alkoxy aniline; and other linear primary amines containing from 1 to 50 
cartx>n atoms. preferat)ly 6 to 30 cartx)n atonns, in the alkyl and alkoxy sut^stituents In these primary amines. It is under- 
go stood that the alkyl and alkoxy sut>stituents on the above discussed primary amines can be linear or branched, prefer- 
ably linear, arxJ saturated or unsaturated, preferat)ly saturated. Exemplary, but not exclusive of such amines are: 
hexylamine, octylamine, dodecylamine and the like. 

[0029] The poly(Ri (R2)ethylene-co-maleimide, prior to grafting with maleated polypropylene, preferably has a molec- 
ular weight range between about 1,000 and up to about 500,000 or higher, more typically between about 10,000 and 
45 500,000, arKi even more typically t>etween about 150,000 and 450,000, where the nrx)lecular weight is weight-average 

[0030] The centipede polymer of the present invention may be prepared by any means well known In the art for com- 
bining such ingredients, such as blending, milling or Internal batch mixing. A rapkj and convenient method of prepara- 
tion comprises heating a mixture of the conrponents to a tenrperature of about 50''C. to atx>ut 300''C. 

50 [0031 ] The centipede polymers of this invention are preferat)ly manufactured by mixing and dynamically heat-treating 
the components described akx]ve, namely, by melt-mixing. As for the mixing equipment, any conventional, generally 
known equipment such as an open-type mixing roll, closed-type Banbury mixer, closed type Brabender mixer, extruding 
machine, kneader, continuous mixer, etc., is acceptable. The closed-type Brabender mixer is preferable, and mixing In 
an Inactive gas environment such as nitrogen or argon, is also preferable. 

55 [0032] Grafting of maleated polypropylene and poly(Ri (R2)ethylene-co-maleimide) is performed by adcfition of a 
grafting agent such as a polyamine, preferatjiy an organic diamine, to a blend of maleated polypropylene and poly(Ri 
(R2)ethylene-co-maleimide) to partially cross-link the polypropylene to the poly(Ri (R2)ethyIene-co-malelmide) through 
the mateate functional groups. This grafting is periormed by reacting from about 50 wt% to about 99 wt% of a poly(Ri 



5 




EP 0 955 319 A1 



(R2)ethylene-co-maleimide) and about 1 wl% to about 50 wt% of a maleated potyalkylene. preferably polypropylene, 
and from about 0.01 to about 10 wt% of a diamine under substantially dry concfitions sufficient to form a polyalkylene 
grafted poly(Ri (F^ethylene-conmaleimide) centipede polymer. 

[0033] Suitable organic diamines or diamine mixtures containing two aliphaticaily or cydoaliphatically bound primary 

5 amino groups are used as grafting agents for the process »xx>rding to the present invention. Such cfiamines include, 
for example, aliphatic or cydoaliphatic diamines corresponding to the following general formula: Ri(NH2)2 wherein 
represents an a!ip>hatic hydrocartx)n group having from 2 to 20 cartx>n atoms, a cydoaliphatic hydrocarbon group hav- 
ing from 4 to 20 cartx>n atoms, or an aromatic hydrocarbon group having from 6 to 20 cartx>n atoms or represents 
an N-helerocydic ring having from 4 to 20 carbon atoms, e.g.. ethylene diamine: 1 ,2- and 1 .3- propylene diamine; 1 ,4- 

10 diaminobutane; 2,2-dimelhyl-1.3-diaminopropane; 1 ,6-diaminohexane; 2.5-dimethyl-2.5<liaminohe)fflne; 1,6-diamino- 
2.2,4-trimethyldiaminohexane; 1 ,8-cfiaminooclane; 1.10-diaminodecane; 1.11-daminoundecane; 1,12-dBaminodo- 
decane; 1-methyl-4-(aminoisopropyl)-cydohexylamine; 3-aminomethyI-3.5,5-trimethyl-cyclohexylamine; 1,2-bis-(anfti- 
nomethyO'Cydobutane; 1,2-diamino-3,6-dimethylben2ene; 1.2- arxl 1,4-diaminocydohexane; 1.2-; 1,4-; 1,5- arxl 1,8- 
diaminodecalin; 1 -methyl-4-aminoisopropyl-cydohexyIamine; 4,4'-diamino<licydohexyl; 4,4'-diamin&<licydohexyl 

15 methane; 2.2-(bis-4-amino-cydohexyl)-propane; 3.3'-dimethyl-4.4*-diamino-dicydohexyl methane; 1 ,2-bis-(4-aminocy- 
dohexyl)-ethane; 3,3\5,5'-tetramethyl-bis-(4-aminocyclohexyl)-methane and -propane; 1,4 - bis-(2-aminoethyO-ben- 
zene; benzidine; 4,4'-thiodianiline, 3,3'-dimethoxybenzidine; 2,4-diaminotoluene, diaminodrtolylsulfone; 2.6- 
diaminopyridine; 4-methoxy-6-methyl-/r?-phenylenediamine; diantinodiphenyl ether; 4,4'-bis(o-toluidine); o-phenylene- 
diamine; o-phenytenediamine, methylenebis(o-chk)roaniline); bis(3,4-diaminophenyf)sulfone; diaminodiphenylsulfone; 

20 4-chloro-o-phenylenediamine; m-amino-benzylamine; m-phenylenediamine; 4,4*-C-|-C6-dianiline such as 4.4*-methyi- 
enedianiline; aniline-formaldehyde resin; and trimethylene glycol di-p-aminobenzoate. Mixtures of these diamines may 
also be used. 

[0034] Other suitable polyamines for use as grafting agents in the process according to the present invention indude 
bis-(aminoa!kyQ-amines. preferat)ly those having a total of from 4 to 12 cartxxi atoms, e.g., bis-(2-aminoethyl)-amine. 
25 t>ts-(3-aminopropyl)-amine, bts-(4^aminobutyl)-amine arxJ bis-(6-aminohexyl)namine, and isomeric mixtures of dipropyl- 
ene triamine and dibutylene triamine. Hexamethylene diamine, tetramethylene diamine, and especially 1.12-diamino- 
dodecane are preferably used. 

[0035] Thus in the preferred embodiment the process for preparing the grafted polymer of this invention corrprises 
the steps of: 

30 

(A) combining a commerdally available poly(Ri (R2)ethylene-co-maleic anhydride) such as poly(isobutylene-co- 
maleic anhydride) and a primary amine under substantially dry conditions suffident to react sii>stantially nrK>st of 
the acid anhydride moieties to form the poly(Ri (R2)ethylene-co-maleimide) such as poly(isobutylene-co-nnaleim- 
ide); 

35 (B) mixing a commerdally available maleated polypropylene with the resultant mass of Step A under substantially 
dry conditions of elevated temperature; 

(C) adding a diamine to the resultant mass of step (B), under condition of agitation suffident to form the polypro- 
pylene-grafted polymer of the present invention and cooling; and, 

(D) adding an extender oil to the resultant graft polymer of step (C) under conditions of agitation. 

40 

[0036] In broadest terms the process for preparing the grafted polymer of this invention corrprises combining the 
poly(Ri (R2)ethylene-co-maleimide) with the maleated polypropylene and the grafting agent under conditions sufficient 
to permit grafting of at least a minor portion of the pdy(Ri (R2)ethylene-co-maleimide) onto the polypropylene. Thus 
the grafted centipede polymer composition of this invention will comprise the reaction product of the atxive described 

45 poly(Ri (R2)ethylene-co-maleimide), the grafting agent and the maleated polypropylene. The grafting reaction is 
accomplished by contacting the grafting agent and the poly(Ri (R2)ethylene-co-maleimide) with the maleated polypro- 
pylene whereupon interaction and cross linking take place. Apparentiy the primary amino groups of the grafting agent 
react to form covalent chemical bonds (imide bonds) with the maleic moieties of the maleated polypropylene arxi the 
poly(Ri (R2)ethyIene-co-maIeimide). The polypropylene is thus grafted to the poly(Ri (Rajethylene-co-maleimide) 

50 tfvough covalent chemical functional linkages. 

[0037] For best results, a proportion of approximately one-half molar equivalent of grafting agent per molar equivalent 
of maleic moiety can be employed due to the d'rfunctionality of tiie grafting agent. TTie contacting can be accomplished 
by combining solutions of the polymeric reactants in suitable solvents, such as benzene, toluene, and other inert 
organic and inorganic solvents, in a suitable reaction vessel under substantially anhydrous corxiitions. Heating will 

55 accelerate the reaction and is generally preferred. More preferably commerdally. the contacting can be accomplished 
by premixing pre-fbrmed pellets of tfie neat functionalized polymers and adding the grafting agent and melt processing 
in a physical blender or mixer, such as a Brabender mixer or an extruder, at temperatures of from about ambient to 
about 35(y*C, preferably about 75"* to about 300°C. and nrxist preferably 120^0 to about 250''C. It is irrportant that 
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essentially all moisture or water be removed by drying prior to contacting the polymer reactants in order to avoid hydrol- 
ysis reactions which will compete with the sought cross linking and reduce the yield of the grafted copolymer composi- 
tion of this invention. 

[0038] The amounts of poly(Ri (R2)ethy1ene-co-maleimide) and maleated polypropylene reacted into the grafted 
5 compositions of the invention may vary somewhat depending upon the properties desired in the finished composition. 
In general, the amounts of maleated polypropylene included in the grafted composition may range from about 1 to about 
50 percent by weight based on total weight of composition. Preferred amounts of maleated polypropylene are from 1 to 
30 percent by weight with a particularly preferred amount being from 10 to 25 percent by weight The anx}unts of 
poly(Ri (R2)ettTylene-co-maleimide) centipede polymer included in the grafted composition may range from atxHrt 99 
10 to akxHit 50 percent by weight based on total weight of composition. Preferred amounts of the centipede polymer are 
from 99 to 70 percent by weight with a particularly preferred amount being from 90 to 75 percent by weight 
[0039] The centipede polymer gels of the present invention have an extender added to the prepared grafted copoly- 
mers during final processing. Suitable extenders include extender oils and low molecular weight compounds or compo- 
nents. Suitat)le extender oils include those well known in the art such as naphthenic, aromatic and paraffinic petroleum 
15 oils and silicone oils. 

[0040] Examples of low molecular weight organic compounds or components useful as exterxJers in the compositions 
of the present invention are kTw molecular weight organic materials having a nurTt>er^erage molecular weight of less 
than 20.000, preferable less than 10,000, and most preferably less than 5.000. Although there is no particular limitation 
to the material which may be employed, the folbwing is a list of examples of appropriate materials: 
20 in * . 

(1) Softening agents, namely aromatic naphthenic and paraffinic softening agents for rubbers or resins; 

(2) Plasticizers, namely plasticizers conrposed of esters including phthalic. mixed phthaltc. aliphatic dit>asic add, 
glycol, fatty acid, phosphoric and stearic esters, epoxy plasticizers, other plasticizers for plastics, and phthalate, 

25 adipate, sebacate, phosphate, polyether and polyester plasticizers for NBR; 

(3) Tackifiers. namely coumarone resins, coumarone-indene resins, terpene phenol resins, petroleum hydrocar- 
tx)ns arxi rosin derivative; 

30 (4) Oligomers, namely crown ether, flourine-containing oligomers, polytxitenes, xylene resins, chlorinated rubber, 
polyethylene wax, petroleum resins, rosin ester rubber, polyalkylene glycol diacrylate, liquid rut}ber (polybut^ene. 
styrene/butadiene rdbber, butadiene-acryksnrtrile ni)ber. polychloroprene, etc.), silicone oligomers, and poly-a-de- 
fins; 

35 (5) Lubricants, namely hydrocartx>n lubricants such as paraffin and wax, liatty add lubricants such as higher fatty 
acid and hydraxy-fatty acid, fatty acid amkle lubricants such as fatty add amide and alkylene-bis-fatty acid amide, 
ester lubricants such as fatty add-lower alcohol ester, fatty addiX)lyhydric alcohol ester and fatty add-polyglycol 
ester, alcoholic lubricants such as fatty atoohol, polyhydric alcohol, pdyglycol and polyglycerol, metallic soaps, and 
mixed lubrk;ants; and. 

40 

(6) Petroleum hydrocarix>ns, namely synthetic terpene resins, aromatic hydrocari3on resins, aliphatic hydrocartx)n 
resins, aliphatic cyclic hydrocartx)n resins, aliphatic or alicyclic petroleum resins, aliphatic or aromatic petroleum 
resins, polymers of unsaturated hydrocartx)ns, and hydrogenated hydrocarbon resins. 

45 [0041] Other appropriate low molecular weight organic materials indude latexes, emulsions, liquid crystals, bitumi- 
nous compositions, and phosphazenes. One or more of these materials may t>e used as extenders. 
[0042] In accordance with the present invention, the grafted polymer containing gel composition of the present Inven- 
tion may have added thereto at least about 1 to about 10,000, preferably 30 to 1,000, parts by weight of extender per 
100 parts by weight of the grafted copolymers. Most preferred amounts of added extender indude from about 50 to 

50 atx)ut 500 parts of oil per 100 parts of grafted copolymer and ideally atxxit 80 to atx>ut 300 parts of extender per 100 
parts of grafted copolymer. The weight percent ratk> of the polyalkylene grafted poly(Ri (R2)ethylene-co-maleimide) to 
the extender ranges from at)Out 100:1 to about 1 :100, preferably from about 10:1 to about 1 :10. 
[0043] The polymer gels produced according to the present inventk)n generally have high darrping properties having 
a tan S in the range of atxxit 0. 1 to about 1.0, preferat)ly higher than 0.2 over the temperature range of 30''C. to 1 0O^'C. , 

55 and a Shore A hardness ranging from 0 to about 50, preferably about 0 to about 35, most preferably about 5 to 20 at 
atx)ut 20''C to 25''C or at room terrperature. The service temperature of the gels of the present invention is less than or 
equal to 1 00°C. Some of the extended pdymers of the present invention have a potential use up to 1 40°C. 
[0044] It is frequently desirable to indude other additives well known in the rubber art to the corTpositk)ns of the 
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present application. Stabilizers, antioxidants, conventional fillers, reinforcing agents, reinfordng resir^ pigments, fra- 
grances and the like are examples of some such additives. Specific examples of useful antioxidants and stabilizers 
include 2-(2'-hydroxy-5*-methyiphenyf) benzotriazole. nickel ditxjtyldrthiocaibaniate. zinc dibutyl dithiocarbamate, 
tns(nonytphenyl) phosphite. 2,&<1i-t-butyl-4-methytphenol and the like. Exenrplary conventional fillers and pigments 
5 include silica, cartx>n black, titanium dioxide, iron oxide and the like. These compounding ingredients are incorporated 
in suitable amounts depervjing upon the contemplated use of the product. preferat)ly in the range of 1 to 350 parts of 
additives or compounding ingredients per 100 parts of grafted copolymer. 

[0045] A reinforcement may be d^ined as the material that is added to a resinous matrix to improve the strength of 
the polymer. Most of these reinforcing materials are inorganic or organic products of high molecular weight Various 

10 examples include glass fibers, asbestos, boron fibers. cartx)n arxi graphite fit>ers. whiskers, quartz and silica f bers. 
ceramic fibers, metal fibers, natural organic fibers, and synthetic organic f bers. Ottier elastomers and resins are also 
useful to enhance specific properties like damping properties, adhesion and processabilrty. Examples of other el^om- 
ers and resins include adhesive-like products including Reostomer (produced by Riken- Vinyl Inc.). hydrogenated poly- 
styrene-(medium or high 3.4) polyisopreneiX)lystyrene block copolymers such as Hyt)ler (produced by Kurare Inc.). 

15 polynortx>menes such as Norsorex (produced by Nippon Zeon Inc.) and the like. In this case the foregoing materials 
are equally applicable to the present centipede polymer compositions. 

[0046] The gels containing oil or low molecular weight component exterxled and polypropylene compositions of the 
present invention may be prepared by any means well known in the art for combining such ingredients, such as solution 
blending, milling, internalfk)atch mixing, or continuous extrusion of a solid form of the centipede polymer and jDolypro- 
20 pylene compositions and the other ingredients. A rapid and convenient method of preparation comprises heating a mix- 
ture of the components tola temperature of about 50°C. to about 300°C. 

[0047] The gels containing oil tended grafted poly(Ri (R2)ethylene-co-maleimide)-polypropylene compositions of 
the present invention can be manufactured by mixing and dynamically heat-b'eating the components described above, 
namely, by melt-mixing. As for ttie mixing equipment, any conventional, generally known equipment such as an open- 
25 type mixing roll, closed-type Banbury mixer, extruding machine, kneader, continuous mixer, etc.. is acceptat3le. The 
closed-type is preferat)le. arxi mixing in an inactive gas environment, such as nitrogen or caitx>n dioxide, is also prefer- 
able. 

[0048] The conrposition obtained using the manufacturing method of tiiis invention can be mokJed with equipment 
conventionally used for molding thermoplastics. It is suitable for exb-usion moMing, calendar molding, and particularly 
30 injection molding. 

[0049] The composition of the present invention can be mixed in any conventional mixer such as a Bankxjry mixer or 
roll mill or extruder normally conducted within ttie temperature range of about 1 20 ''C. to about 300 preferably main- 
taining ttie composition above its melting point for a few minutes up to several hours, preferably 1 0 to 40 minutes. A par- 
ticularly useful technique is to add any fillers in the beginning of ttie mixing cyde in order to take maximum advantage 
35 of heating time and to prevent surface bleeding and overheating when forming the molded articles. 

[0050] The resultant gel composition may be mokJed in appropriate press ovens and the like to form products in the 
form of exb^uded pellets, cut dices, preferably as small as possa}le since smaller pellets provide short heating times and 
better flow when utilized in flow moMing. Ground pellets may also k>e utilized. 

[0051] The extended grafted centipede polymers of the present invention can be used in high temperature applfoa- 
40 tions including uses in injection mokJing or in any other compositions typically used for etastomeric properties. 

[0052] In summary, the moWed polymers produced from the gels containing extended grafted po!y(Ri (R2)ettiylene- 
co-maleimide)ix>typropylene compositions of the present invention retain elastomeric characteristics and are useful in 
high temperature applications and/or high darrping applications. 

[0053] Damping is the absorption of mechanical energy by a material in contact with the source of that energy. It is 
45 desirat)le to damp or mitigate ttie transmission of mechanical energy from, e.g.. a motor, engine, or power source, to its 
surroundings. Elastomeric materials are often used for tiiis purpose. It is desirable that such materials be highly effec- 
tive in converting this mechanical energy into heat rather than transmitting it to the surroundings. It is further desirable 
that this damping or conversion is effective over a wkie range of temperatures and frequencies commonly found near 
motors, automobiles, trucks, trains, planes, and the like. 
50 [0054] A convenient measurement of damping is the determination of a parameter called tan 6. A forced osdllation is 
applied to a material at frequency f and the taransmitted force and phase shift are measured. The phase shift angle delta 
is recorded. The value of tan 5 is proportional to the ratio of (energy dissipated)/(energy stored). The measurement can 
be made by any of several commercial testing devices, and may be made by a sweep of frequencies at a fixed temper- 
ature, then repeating ttiat sweep at several other temperatures, followed by ttie development of a master curve of tan 5 
55 vs. frequency by curve alignment. An alternate method is to measure tan 6 at constant frequency (such as at 10 hz) 
over a temperature range. We have defined a thermoplastic unfilled material as useful for damping when tan 5 >~0.3 
over at least a 4 decade range, preferably a 6 decade range of frequency. 

[0055] It is furttier important that this high degree of absorption of energy be accompanied by good mechanical and 
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thermal stabifity, as the part prepared from the subject polymers will be cycled through various environments and 
repeatedly such to various forces of compression, tension, bending, and the b'ke. 

[0056] The compositions of the present invention are favorably used in the manufacturing of any product in which the 
following properties are advantageous: a high degree of softness, heat res^nce, decent mechanical properties, elas- 
5 ticrty and/or high darrping. The compositions of the present invention can be used in all industry fields, in particular, in 
the fabrication of automotive parts, tire tread rubbers, household electrical appliances, industrial machinery, precision 
instruments, transport machinery, constructions, engineering, and medical instrumems. 

[0057] Representative examples of the use of the extended graft polymers of the present invention are darrping mate- 
rials, vibration restraining materials. These uses involve connecting materials such as sealing materials, packing, gas- 

10 kets and grommets, supporting materials such as mounts, holders and insulators, and cushion materials such as 
stoppers, cushions, and bumpers. These materials are also used in equipment produdng vibration or noise and house- 
hold electrical appliances, such as in air-conditioners, laundry machines, refrigerators, electric fans, vacuums, driers, 
printers and ventilator fans. Further, these materials are also suitable for impact absorbing materials in audio equipment 
and electronic or electrical equipment, sporting goods and shoes. Further, as siper k>w hardness rubbers, these mate- 

15 rials are applicat>le for use in appliances, damping rubbers, and as low hardness plastics, it is preferable for mokJing 
materials. Further, because the present compositions can be used to control the release of internal low nmlecular 
weigftt materials out from the conpositions. it is useful as a release support to emit materials such as fragrance mate- 
rials, medical materials and ether functional materials. The compositions of the present invention also possess utility in 
applications of use in liquid crystals, adhesive materials and coating materials. 

20 [0058] Specif k; examples of uses of the compositions of the present invention as damping materials are as follows: 

in audk) equipment, such as in insulators for a portat}le CD or a CD mounted on a vehicle, mike hokjers for home 
yndeo cassette recorder, radio cassette recorder, karaoke or handy mike, etc., an edge cone of a speaker, a tape 
hoMer of a radio cassette, a hokJer of a portable mini-disk player, an optical disk hokier of a digital vkJeo disk, etc.; 
25 in information relating equipment, such as in insulators for a hard disk, insulators for motors such as a spindle motor 
for HHD and stepping motor, insulators for f bppy disk drive, insulators for CD-ROM of personal computer, and a 
hokier for optical disk; 

in comnrunicatfon equipment, such as in a holder for conpact high performance mike or speaker of a portable tel- 
ephone, a pocket bell or PHS. a mike holder for a wireless equipment, arxj a disk hoMer for portable note type elec- 
30 tronic equipment; 

in home electronics equipment, such as in insulators for CD-ROM of home TV game, insulators for cassette hokier 
or CD-ROM of cassette hokier or game machine, a hokier of high performance mike, and cone edge of speaker; 
and 

in other applications, such as in danrping materials for printer head of a wordprocessor. printer of personal compu- 
35 ter, small or middle handy type printer, or nanrre printers. arxJ insulators for CD-ROM used for measure equipment. 

[0059] In the following, the present inverrtion will be descrfoed in more detail with reference to non-limitative exanples. 
The following examples and tables are presented for purposes of illustration only and are not to be construed in a lim- 
iting sense. 

40 

Preparation of the Centipede Polymer 
Example 1 

45 [0060] A nitrogen purged Brabender mixer 300 gram capacity) equipped with a Banbury blade was initially set to 
10 rpm and the tenperature was set to 30 ^'C. The mixer was then charged with 120 g of poly(isotxitytene-a/f-n^leic 
anhydride) (IM-10 obtained from Kuraray Co. Ltd.. Tokyo. Japan) and 99.4 g of octylamine (obtained from Akirich 
Chemical Company of 1001 West Saint Paul Avenue. Milwaukee. Wi., 99% purity). After 10 minutes of continuous mix- 
ing, the mixture was allowed to heat up at a rate of - 5 °C/min. Once tiie temperature reached 210 ^'C, agitation was 

50 discontinued. When the stock tenperature reached 210 ^'C, the heating element was set at isothermal conditions and 
agitation speed was slcwly increased to 90 rpm at a rate of 1 0 rpm/min. The mixing was continued for 80 minutes and 
the heating element of the mixer was turned off, and the polymer mass witiiin the mixer was permitted to cool down to 
160 ""C at a rate of ~ 4 "C/min. The agitation was then stopped and the centipede polymer product mass was then 
renwved from the mixer. Properties of tiie recovered polymer including mean molecular weight (Mp). number average 

55 molecular weight (M^), intrinsic viscosity (t^o) at 25 **C in tetrahydrofuran (THF) and, ackJ number in milligrams of NaOH 
per grams of polymer sanple are displayed in Table 1. 
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Example 2 

[0061 ] A nitrogen purged Brabender mixer (~ 300 gram capacrty) equipped with a Banbury blade was initially set to 
10 rpm and the temperature was set to 30 **C. The mixer was then charged with 110 g of polyOsobutylene-a/f-maleic 

5 anhydride) (IM-10 obtained from Kiraray Ca Ltd.. Tokyo, Japan) and 110.9 g of decylamine (obtained from Aldrich 
Chemical Company, 98% purity). After 1 0 minutes of continuous mixing, the mixture was allowed to heat up at a rate of 
approximately 5 "C/min. Once the temperature reached 210 '^C. agitation was discontinued. When the ^ock tempera- 
ture reached 21 0 *C. the heating element was set at isothenral conditions and agitation speed was slowly increased to 
90 rpm at a rate of 1 0 rpnrVifnm. The mixing was continued for 1 5 minutes and the temperature was set back to 1 90 °C. 

10 The mixing was continued for 60 minutes and heating element of the mixer was turned off, and the polymer mass within 
the mixer was pennitled to cool down to 160 *»C at a rate of - 4 °C/min. The agitation was then stopped and the centi- 
pede polymer product mass was tiien removed from the mixer. Properties of tiie recovered polymer are displayed in 
Table 1. 

75 

TABLE 1 



Example No. 








Tio@25'*C in THF 


Acid Number 


1 


116,000 


203.000 


1.76 


0.75 


0.181 


2 


96.000 


228,000 


2.37 


0.77 


0.167 



Grafting of the Centipede Polymer and IVIaleated Polypropylene 
25 Example 3 

[0062] A nitrogen purged Brabender mixer (-55 g capacity) equipped with a roller blade was initially set to 25 rpm 
and 195 **C. The mixer was then charged with 8.0 g of commercial maleated poypropylene (from tiie Exxon Chemical 
Corrpany. trade name Exxelor PO1015). After 5 minutes, a charge of 32 g of the centipede polymer product of Exanrple 

30 1 was added to the mixer arxJ the agitation speed was then increased to 40 rpm. The polymers were agitated for an 
additional 10 minutes. A charge of 0.3 g of dodecane diamine (from Aldrich, purity = 98%) was then added, and at the 
same time the agitation speed was readjusted to 80 rpm. After 5 minutes ttie torque of the mixer increased and tiie agi- 
tation speed was again readjusted to 40 rpm. After 6 minutes, the heating element of tiie mixer was turned off and the 
agitation speed was again readjusted to 20 rpm. The mixture was permitted to cool to about 160 ""C at a rate of about 

35 4 *'C/rnin. Rnally, agitation was discontinued and the grafted polymer product was removed from the mixer. 

Example 4 

[0063] The procedure of Example 3 was repeated except for the mixer was charged with 32.0 g of tiie polymer of 
40 Example 2 instead of the polymer from Example 1 . 

Example 5 

[0064] A charge of 1 5.1 g of ttie grafted polymer product of Example 3 was added to a Brabender mixer (55 g capac- 
45 ity) equipped witti a roller blade and with nitrogen purging. The mixer was initially set to 23 "C and 20 rpm. A charge of 

1 7.2 g of di(tridecyI)phtfTalale (DTDP) oil (obtained from ttie C.P.Hall Company) was sicwiy added to the contents of ttie 

mixer. After 8 minutes, ttie temperature of ttie mixer was reset to 160*C and ttie agitation speed was reset to 90 rpm. 

After 120 minutes of continuous mixing, anottier charge of 17.3 g of DTDP oil was added to ttie contents of the mixer. 

The material was then further mixed for 120 minutes at 90 rpm. The agitation was then discontinued and the product 
50 was removed from the mixer. 

Example 6 

[0065] The procedure of Example 5 was repeated except that the mixer was initially charged with 35.5 g of trioctyl 
55 phosphate (TOP) oil Instead of ttie multiple charges with DTDP oil. 



10 




EP 0 955 319 A1 



Example? 

[0066] The procedure of Exanple 5 was repeated except that the mixer was initially charged with 1 5.1 g of the grafted 
polymer product of Example 4 Instead of Example 3 with a single charge of 35.5 g of DTDP oil instead of the multiple 
5 charges with DTDP oil. 

Example 8 

[0067] The procedure of Example 5 was repeated except that the niixer was Initially charged with 15.1 gofthegrafted 
10 polymer product of Example 4 instead of Example 3 wrth a single charge of 35.5 g of TOP oil instead of the multiple 
charges with DTDP oil. 

[0068] The individual products recovered from Examples 5 to 8 were thereafter molded into sheets and cylinder but- 
tons at aboiA 160 °C. Ring samples were cut from these sheet for tensile nneasurements. The details of the physical 
properties of the ring samples are listed in Table 2: 

15 



Table 2 



Example No. 


Polymer 
used 


Oil Type 


C.S.'* 
(100«C) 


AskerCat 

22**C 


Tb/Eb 
:.(psirx>) 


Tan 6 at 














O^C 


10°C 


25°C 


40*»C 


5 


Example 3 


DTDP 


54.5 


10 


23/317 


0.68 


0.59 


0.50 


0.41 


6 


Example 3 


TOP 


51.1 


10 


8/170 


0.34 


0.29 


0.22 


0.17 


7 


Exanr|)le4 


DTDP 


56.1 


7 


13/419 


0.73 


0.67 


0.60 


0.53 


8 


Example 4 


TOP 


63.3 


7 


4/152 


0.39 


0.34 


0.26 


0.20 



^The Compression Set (C.S.) was measured based on conditions of ASTM D395-89. except that the sample size and dis- 
placement were ctianged as follows: Sample height - 0.5 inches; Sample diameter - 0.55 inches; Displacement - Sanple is 
compressed to 0.375 inches and stored in an even at 1 00°C (cr at 150°C in subsequent examples) for 22 hours. The sample 
is removed from the oven, the stress on the sample is relieved, the sample is stored at room temperature for 30 minutes and 
the recovery of the sample is measured as the final sample height as X in: Compression Set = ((0.5 - X)/ (0.5-0375)) x 
100% . 



35 Clainns 

1. A method for the fbrmation of a high danping centipede polynier, comprising: 

reacting from about 50 wt% to about 99 wt% of a poly(Ri (fyethylene-co-maleim'ide) wherein and R2 are 
40 the same or different substituents selected from the group consisting of unsut)stituted and substituted C^ to 

C20 alM groups, and about 1 wt% to about 50 wt% of a maleated polyalkyfene and from about 0.1 to atx)ut 10 
wt% of a diamine under substantially dry conditions sufficient to form a polyalkyfene grafted poly(Ri (R2)ethyl- 
ene-co-maleimide) centipede polymer. 

45 2. The method of daim 1 , further comprising the step of: mixing said polyalkylerie grafted poly(Ri (R2)ethylene-co- 
maleimide) centipede polymer with an extender oil in an anx)unt sufficient to from a gel. 

3. The method of claim 1. further conprising the step of: mixing atx)ut 1 to about 10.000 parts by weight of an 
extender oil with 100 parts by weight of said polyalkylene grafted poly(R-| (Rajelhylene-co-maleimide) centipede 

50 polymer. 

4. The method of claim 1 , wherein the poly(Ri (R2)ethylene-co-maIeimide) is poly(isobutylene-a/?-maleimide). 

5. The method of claim 1 . wherein the alkylene contributed monomer units of said maleated polyalkylene is selected 
55 from the group consisting of ethylene, propylene and mixtures thereof 

6. The method of claim 1 wherein the maleimide contrftxjted monomer units of the poly(Ri (R2)ethylene-co-maleim- 
ide) is formed by the reaction of maleic anhydrkie and a primary amine. 
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7. The method of daim 6 wherein the primary amine is selected from the group consisting of: aikyi amines; alkyi ben- 
zyl amines; alkyI phenyl anrtines; aIkoxyt>enzyl amines; alkyi aminot>enzoates; and alkoxy aniline; containing from 
1 to 50 cartwn atoms in the alkyI and alkoxy sutjstituents in the primary amine. 

8. The method of claim 1 wherein said diamine is selected from the group consisting of: aliphatic or cydoaliphatic 
diamines corresponding to the following general fornrula: Ri(NH2)2 wherein represents an aliphatic hydrocar- 
Ixxi group having from 2 to 20 cartxHi atoms, a cydoaliphatic hydrocartwn group having from 4 to 20 cartx)n atoms, 
or an aromatic hydrocartxjn group having from 6 to 20 cartwn atoms or represents an N-heterocydic ring having 
from 4 to 20 cartx)n atoms. 

9. The method of daim 1 wherein said diamine is selected from the group consisting of: ethylene diamine; 1 ,2- and 
1,3- propylene diamine; 1 ,4-diaminotxjtane; 2,2<limethyl-1,3-diaminopropane; 1,6-diaminohexane; 2.5-dimethyl- 
2,5-diaminohexane; 1,6-diamino-2.2.4-trimethyldiaminohexane; 1 ,8<liaminooctane; 1.10-diaminodecane; 1,11- 
diaminoundecane; 1,12-diaminododecane 1-methyl-4-(aminoisopropyl)-cydohexylamine; Snaminomethyl- 3,5,5- 
trimethyl-cydohexylamine; 1 ,2-t)is-(aminomethyO-cydobutane; 1,2-diamino-3,6<limethylbenzene; 1,2- and 1,4- 
diaminocyclohexane; 1,2-; 1.4-; 1,5- and 1 ,8<liaminodecaIin; 1-methyl-4naminoisopropyl-cyclohexylamine; 4,4'- 
diamino<licydohexyl; 4,4'-diamino- dicydohexyl methane; 2,2-(bis-4-amino-cydohexyOi)ropane; 3.3'-dimethyl- 
4.4'<liamino-dicyclohexyl methane; 1 ,2-bis-(4-aminocyck>hexyl)-ethane; 3.3\5.5'-tetramethyl-bis-(4-aminocy- 
dohexyO-methane and -propane; 1,4 - bis-(2-aminoethyI)-beazene; benzidine; 4,4'-thiodianiline;: 3.3'-dimethoxy- 
benzidine; 2.4'diaminotoluene, (fiaminoditolylsulfone; 2,6-diaminopyridine; 4-methoxy-6-melhyl-m- 
phenylenecfiamine; diaminodiphenyt ether; 4,4'-bis(o-toluidine); o-phenylenediamine; o-phenylenediamine, 
methylenebis(o-chloroaniline); bis(3,4-diaminophenyOsulfone; diaminodiphenylsuKone; 4-chloro-o-phenylenedi- 
amine; m-aminobenzylamine; m-phenylenediamine; 4,4*-Ci-C6-dianiline such as 4,4'-methylenedianiline; aniline- 
formakJehyde resin; trimethylene glycx)l di-p-aminobenzoate; bis-(2-aminoettiyO-amine, bis-(3-aminopropyl)- 
amine, bls-(4-aminobutyl)-amine; bis-(6-aminohexyl)-amine, isomeric mixtures of dipropylene triamne and dibuty- 
lene triamine; and mixtures thereof 

1 0. The method of daim 1 wherein R^ and Rg are the same or different substituents selected from the group consisting 
of methyl, ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, isopentyl. hexyl, heptyl. octyl, nonyl, decyl, undecyl, 
dodecyl, trtdecyl. tetradecyl, pentadecyl. hexadecyt, heptadecyl, octadecyt. nonadecyl, eicosyl, cydopropyl, 2,2- 
dimethylcydopropyl, cydopentyl, cyclohexyl, methoxymettiyl. methoxyethyl, methoxypropyl, methoxytxrtyl, methox- 
ypentyl, methoxyhexyl, methoxyheptyl, methoxyoctyl. methoxynonyl, methoxydecyl. ethoxymethyl. ethoxyethyl, 
ethoxypropyl, ethoxybutyl, ethoxypentyl, ethoxyhexyl, ethoxyheptyl, ethoxyoctyl, ethoxynonyl. ethoxydecyl, pro- 
poxymethyl. propaxyetfiyl, propoxypropyl, propoxybutyl, propoxypentyl, propoxyhexyl, propoxyheptyl. propoxyoctyl, 
propoxynonyl. propoxydecyl, butoxytxitoxymethyl, butoxyethyl, butoxypropyl, butoxybutyl, butoxypentyl, butoxy- 
hexyl, butoxyheptyl, txitoxyoctyl. butoxynonyl. butoxydecyl, pentytoxymethyl, penlyloxyethyl, pentyloxypropyl. 
pentyloxytxjtyl, pentyloxypentyl, pentytoxyhexyl, pentyloxyoctyl. pentyloxynonyl. pentytoxydecyl, hexyloxymethyl. 
hexyloxyethyl. hexyloxypropyl, hexyloxytxrtyl. hexyloxypentyl, hexyloxyhexyl, hexyloxyheptyl. hexyioxyoctyl. hexy- 
toxynonyl, hexyloxydecyl, heptyloxymethyl. heptyloxyethyl, heptyloxypropyl. heptyloxybutyl, hexyloxypentyl, hepty- 
toxyhexyl, heptytoxyheptyl, heptyloxyoctyl. heptyloxynonyl. heptyloxydecyl, octyloxymethyl, octyloxyethyl, 
oc^oxypropyl, octyloxybutyl, octyloxypentyl, octylaxyhexyl. octyloxyheptyl, octyloxynor^, odyloxyoctyl, decy- 
toxymethyl, decyloxyetl^, decyloxypropyl, decyloxybutyl, decyloxypentyl. decyloxyhexyl, decytoxyheptyl, 1 -methyl- 
ethyl, 1-methylpropyl. 1 -methylbutyl, 1-methylpentyl, 1-methylhexyl, 1-methylheptyl, 1-methyloctyl, 1-methylnonyl, 
1-methyldecyl. 2-methylpropyl, 2-methylbutyl, 2-methylpentyl, 2-metfiylhexyl. 2-methyIheptyl, 2-methyloctyl, 2,3- 
dimethylbutyl. 2,3,3-trimethyllxjtyl. 3-methylpentyl. 2,3-dimethytpentyl. 2,4Kjimethylpentyl. 2,3,3,4-tetramethyl- 
pentyl. 3-methylhexyl and 2.5-dimethylhexyl. 

11 . A high damping centipede polymer gel composition, conrprising: 

a polyalkylene grafted poly(Ri (R2)ethylene-co-maleimide) wherein R^ and R2 are the same or different sub- 
stituents selected from the group consisting of unsubstituted and substituted to C20 alkyI groups comprising 
from about 50 wt% to about 90 wt% of a poly{Ri (Rajethylene-co-maleimide) and about 10 wt% to about 50 
wt% of a maleated polyalkylene and from about 0.1 to about 10 wt% of a diamine, and an extender in an 
amount sufficient to from a gel. 

12. The centipede polymer gel composition of daim 1 1 wherein the weight percent ratio of said polyalkylene grafted 
po*y(Ri (R2)ethylene-co-maleimide) to said extender is from about 100:1 to alxjut 1 :100. 



12 



EP 0 955 319 A1 



13. The centipede polymer gel composrtion of daim 11, wherein the poty(Ri (R2)ethytene-co-nrialeinrucle) is poly(iso- 
butylene-a//-maleimide). 

14. The centipede polymer gel composition of daim 1 1 , wherein the nrx)nomer for forming the aikylene moiety of said 
maleated polyalkylene is selected from the group consisting of ethylene, propylene arxJ conrt}inations thereof 

1 5. The centipede polymer gel composition of daim 1 1 , wherein said diamine is selected from the group consisting of: 
ethylene diamine; 1,2- and 1,3- propylene diamine; 1,4-diaminokxitane; 2.2-dimethyl-1,3-diaminopropane; 1.6- 
diaminohexane; 2,5-dimethyl-2,5<liaminohexane; 1,6-diamino-2,2.4-trimethyldiaminohexane; 1 .S^Jiaminooctane; 
1.10-diaminodecane; 1,11 -diaminoundecane; 1,12-diaminododecane; 1-methyl-4-(aminoisopropyl)-cydohexy- 
lamine; 3-aminometfiyl- 3.5,5-trimethyl-cyctohexylannine; 1 ,2-bis-(aminomethyl)'Cydobutane; 1 ,2<liamino-3,6- 
dimethylbenzene; 1,2-and 1,4-diaminocyclohexane; 1,2-; 1.4-; 1,5- and 1,8-diaminodecalin; 1-methyl-4-aminoiso- 
propyl- cydohexylamine; 4.4'-diamino-dicydohexyl; 4,4*-diamino<licydohexyl methane; 2,2'-(bis-4-amino- 
cydohexyO-propane; 3,3*-dimefthyl-4.4*-diamino-dicydohexyl methane; 1,2-bis-(4naminocydoh&(yO-ethane; 
3,3*,5,5*-tetramethyl-bis-(4-aminocydohexyl)-methane and -propane; 1,4 - bis-(2-aminoethyl)-benzene; benzidine; 
4,4'-thiodianiline, 3,3'-dimethoxybenzidine; 2,4-diaminotoluene, diaminoditdylsutlone; 2,6-diaminopyridtne; 4- 
methoxy-6-methyl-/7?-phenylenediamine; diaminodiphenyl ether; 4,4'-bis(o-tduidine); o-phenylenediamine; o-phe- 
nylenediamine, methylenebis(o-chloroaniline); bts(3,4Kjiaminophenyl)sulfDne; diaminodiphenylsulfone; 4-chloro- 

0- phenylenediamine; m-aminobenzylamine; /n-phenylenediamine; 4,4'-Ci'C6-dianiline such as 4,4'-methylenedi- 
aniline; aniline-formaldehyde resin; trimethylene glycol di-p-aminobenzoate; bis-(2-aminoethyl)*amine, bis-(3-anftir 
nopropyl)-amine, bis-(4-aminobutyl)-amine; bis-(6-aminohe)cyl)-amine. Isomeric mixtures of dipropylene triamine 
and ditxitylene triamine; and mixtures thereof 

1 6. The centipede polymer gel composition of daim 1 1 . wherein the gel has damping properties having a tan 5 in the 
range of about 1 to about 0.10 ever the temperature range of 30 °C. to 100 °C. 

1 7. The centipede pdymer gel conrposition of daim 1 1 . wherein the gel has a Shore A hardness ranging from about 0 
to about 50 at about 20 to 25 *»C. 

18. The centipede polymer gel composition of claim 11, wherein R-i and R2 are the same or different substituents 
selected from the group consisting of methyl, ethyl, propyl, Isopropyl, txityl, isobutyl, pentyl, isopentyl, hexyl, heptyt, 
octyl, nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octadecyl, nonadecyl, 
eicosyl. cydopropyl, 2,2<iimethylcyclopropyl, cydopentyl, cyclohexyl, methoxymethyl. methoxyethyl. methoxypro- 
pyl, methoxybutyl. methoxypentyl, methoxyhexyl, methoxyheptyl, methoxyoctyl, methoxynonyl. methoxydecyl. 
ethoxymethyl, ethoxyethyl, ethoxypropyl. ethoxykxjtyl, ethoxypentyl, ethoxyhexyl. ethoxyheptyl. ethoxyoctyl. elhox- 
ynonyl, ethoxydecyl, propoxymethyl, propoxyethyl, propoxypropyl, propcxylxjtyl, propoxypentyl, propoxyhexyl, pro- 
poxyheptyl, propoxyoctyl, propoxynonyl, propoxydecyl, butoxytxitoxymethyl, butcxyettryl, butoxypropyl. 
butaxytxjtyl, butoxypentyl, butoxyhexyl, butoxyheptyl. txitoxyoctyl, butoxynonyl, butoxydecyl, pentyloxymetfryl, 
pentyloxyethyl, pentyloxypropyl, pentyloxytxityl. pentyloxypentyl. pentyloxyhexyl, pentyloxyoctyl. pentyloxynonyl. 
pentybxydecyl, hexyloxymethyl. hexyloxyethyl, hexyloxypropyl. hexybxytxityl, hexyloxypentyl, hexyloxyhexyl. hex- 
yloxyheptyl, hexyloxyoctyl, hexyloxynonyl. hexyloxydecyl, heptyloxymetfiyl, heptyloxyethyl, heptyloxypropyl, hepty- 
loxytxityl, hexyloxypentyl, heptyloxyhexyl, heptylcxyheptyl, heptyloxyoctyl, heptyloxynonyl, heptyloxydecyl, 
octyloxymethyl, octyloxyethyl, octyfcxypropyl, octyloxybutyl, octyloxypentyl, octylaxyhexyl, octyloxyheptyl, octy- 
loxynonyl, octyloxyoctyl, decyloxymethyl, decyloxyethyl, decylaxypropyl. decyloxytxityt. decyloxypentyl, decyloxy- 
hexyl. decylcxyheptyl, 1 -methylethyl, 1-methylpropyl, 1-methylbutyl, 1-methylpentyl, 1-metfiylhexyl, 1-methylheptyl. 

1- methyloctyl, 1-methylnonyl. 1-methyldecyl, 2-methylpropyI, 2-methylbutyl, 2-methylpentyl, 2-methylhexyt. 2- 
methylheptyl. 2-methyloctyl, 2,3-dimethylbutyl, 2,3.3-trimethylbutyt, 3-methylpentyl, 2,3-cfimethylpentyl, 2.4-dimeth- 
ylpentyl, 2,3.3,4-tetramethylpentyl, 3-methylhexyl arxJ 2,5-dimethylhexyl. 

19. The centipede polymer gel composition of claim 1 1 , further comprising from 1 to 350 parts of an inorganic filler, 
additive or compounding ingredient based on 100 parts t>y weight of the grafted copolymer composition compo- 
nent. 

20. The centipede polymer gel composition of claim 1 1 , wherein the extender Is at least one compound selected from 
the group consisting of: softening agents, plasticizers, taddflers, oligomers, lubricants, petroleum hydrocarbons, sil- 
icone oil, aromatic oil, naphthenic oil arxi paraffinic oil. 

21 . A centipede polymer composrtion, conrprising: 
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a polyalkylene grafted poly(Ri (F^ethylene-co-maleimide) wher^n and R2 are the same or different sut>- 
stituents selected from tfie group consisting of: unsutsstituted and substituted to C20 al)^ groups compris- 
ing from about 50 wt% to about 90 wf% of a poty(Ri (R2)ethylene-co-maleimide) and about 10 wt% to about 
50 wt% of a maleated polyalkylene and from about 0.1 to about 10 wt% of a diamine. 

22. The centipede polymer composition of daim 21, wherein the poly(Ri (R2)ethyiene-co-maIeimide) is poly(isobuty- 
lene-a/f-maleimide). 

23. The centipede polymer composition of daim 21, wherein the monomer for forming the alkylene moiety of said 
maleated polyalkylene Is selected from the group cor^sting of ethylene, propylene and combinations thereof 

24. The centipede polymer compositk>n of daim 21 , wherein said diamine is selected from the group consisting of: eth- 
ylene diamine; 1.2- and 1,3- propylene cfiamine; 1 ,4-diaminobutane; 2.2-dimethyl-1,3-cfiaminopropane; 1.6-diami- 
nohexane; 2,5<iimethyl-2,5<Daminohexane; 1,6Kiiamino-2,2,4-tximethyl<fiaminohexane; l.adiaminooclane; 1,10- 
diaminodecane; 1.11-diaminoundecane; 1,12-diaminododecane; 1 -methyl-4-(aminoisoprDpy1)-cyc!ohexylamine; 3- 
aminomethyl- 3,5,5-trimelhyl-cydohexytamine; 1,2-bis-(aminomethy0^dobutane; 1,2-diamino-3,6-dimethytben- 
zene; 1.2- and 1,4<liaminocydohexane; 1,2-; 1,4-; 1.5- and 1 .8-diaminodecalin; 1-methyl-4-aminoisopropyl- 
cydohexylamine; 4.4*^*amino<licydofiexyl; 4,4*-diamino-dicydohexyl methane; 2,2'-(bis-4-amino-cydofiexyf)-pro- 
pane; 3.3'-dimethyI-4,4*-diamino-dicydohexyl methane; 1.2-bis-(4-aminocyck>hexyO-ethane; 3.3\5.5'-tetramethyl- 
bis-(4-aminocydohexyI)-methane and -propane; 1.4 - bis-(2-aminoethyl)-benzene; benzidine; 4.4-thiodianiIine, 
3,3*-dimethoxyt)enzidine; 2.4-diaminotoluene. diaminoditolylsulfone; 2,6-diaminopyridine; 4-methoxy-6-melhyl-m- 
phenylenedamine; diaminodiphenyl ether; 4.4*-bis(o-toluidine); o-phenylenediamine; o-pheny)enediamine. 
methylenebis(o-chloroaniline); bis(3.4-diaminophenyl)sulfone; diaminodiphenylsulfone; 4-chlorD-o-phenylenedi- 
amine; m-aminobenzylamine; m-phenylenediamine; 4.4'-Ci-C6-dianillne such as 4.4*-metfTyIenedianiline; aniline- 
formaWehyde resin; trimethylene glycol di-p-aminobenzoate; bis-(2-aminoethyl)-amine. bis-(3-aminopropyO- 
amine, bis-(4^aminobutyl)-amine; bis-(6-aminohexyf)-amine, isomeric mixtures of dipropylene triamine and dibuty- 
lene triamine; arxj mixtures thereof 

25. The centipede polymer composition of daim 21 . wherein R^ and R2 are the same or different substituents selected 
from the group consisting of methyl, ethyl, propyl, isopropyl. butyl, isobutyl. pentyl, isopentyl, hexyl, heptyl, octyl, 
nonyl. decyl, undecyl. dodecyl, tridecyl. tetradecyl. pentadecyl, hexadecyl. heptadecyl. octadecyl. nonadecyl, eico- 
syl, cyclopropyl. 2.2-dimethylcyclopropyl, cyclopentyl. cydohexyl, methoxymethyl, methoxyethyl, methoxypropyl, 
methoxykxjtyl. methoxypentyl. methcxyhexyl. methoxyheptyl, melhoxyoctyl, methoxynonyl, methoxydecyl, 
ethoxymetiiyl. ethoxyethyl. ethoxypropyl, ethoxybutyl, ethoxypentyl, ethoxyhexyl. ethoxyheptyl. ethoxyoctyl, ethox- 
ynonyl. ethoxydecyl. propoxymethyl, propoxyethyl. propoxypropyl, propoxybutyl. propoxypentyl, propoxyhexyl. pro- 
poxyheptyl, propoxyoctyl, propoxynonyl, propoxydecyl. butoxytxitoocymethyl, butoxyethyl, butoxypropyl. 
butoxybutyl, butoxypentyl. butoxyhexyl. butoxyheptyl, butoxyoctyl. butoxynonyl, butoxydecyl, pentyloxymethyl. 
pentyloxyeUiyl, pentytoxypropyl, pentyloxylxityl. pentyloxypentyl, pentyloxyhexyl, pentyloxyoctyl. pentyloxynonyl. 
pentyloxydecyl, hexyloxymethyl, hexyloxyethyl. hexyloxypropyl. hexyloxybutyl, hexyloxypentyl, hexyloxyhexyl, hex- 
yloxyheptyl. hexyioxyoctyl, hexyloxynonyl, hexyloxydecyl. fieptyloxymethyl. heptyloxyethyl. heptyloxypropyl. heply- 
loxybutyl. hexyloxypentyl. heptyloxyhexyl, heptyloxyheptyl. heptyioxyoctyl. heptyloxynonyl. heptyloxydecyl. 
octyloxymethyl, octyloxyethyl. octyloxypropyl, octyloxybutyl, octyloxypentyl, octyloxyhexyl, octyloxy heptyl, octy- 
loxynonyl, octyloxyoctyl, decytoxymettiyl, decyloxyettiyl. decylcxypropyl, decyloxykxityl. decyloxypentyl. decyloxy- 
hexyl, decyloxyheptyl, 1 -methylettryl, 1-methyIpropyl. 1-methylbutyl, 1-methylpentyl, 1 -methylhexyl. 1 -methylheptyl. 
1-methyloctyI. 1-melhytnonyl, 1-methyldecyl. 2-methylpropyl. 2-methylbutyl. 2-methylpentyl, 2-methyihexyl, 2- 
methyiheptyl, 2-methyloctyl. 2.3-dimethyfbutyl. 2.3,3-trimethylbutyl. S-methylpentyl, 2.3-dimethytpentyl, 2.4-dimeth- 
ytpentyl. 2,3,3,4-telramethylpentyl. 3-methylhexyl and 2.5-dimethylhexyl. 
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